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CToxacTHHecKHfi aHajiH3 ynpaBJieHiw ftBKaeHHeM 
KOCMinecKoro annapaTa b oKpecTHocTz KaunmeapHoS 
to^kh jmdpaoHH c iiomoiubb can cBeTOBoro EaBJiemw 

JlyKbHHOB C.C. 

HIM EM. M.^.KejyjHHia AH OCCP UpenpzHT & 130 . 

M. , 1982 , 31 cTp. , <3 h<3ji. 3 Ha3B. 


JoTa nocsHnjeHa HccuieaoBaHiiB bo3mqshocth zcnoju>30BaHim 
CBeTOBorV^aaneHHH ana ynpaaneHaa .iBmemieM KocMmecKoivj^etfmapa- 
Ta (KA) b OKpaQTHocTH KOjuimeapHoft ToaKH jmiSpanaHjKflOTofi orpaHH- 
aeHHoft KpyroBoii Tpex Tan. ynpaBJieHze opytSecTBjiaeTCH n3Me— 

HeHn^M miomaoui "cojnfe^aro napyca" npz npefoaHHofi ero opzeHTamm. 
B 3a#aae yrortiBaeTCfl BJiaffim&^«m(3oK^paeKTopHux raMepeHHfi a zc- 
nomemm ynpameaufi. 

Pa3pac5oTaH mctoh ouetpar^3M8po^lcaaHeaHoro napyca" KA, He- 
odxoflHMoro ojlfi ynepsjijJHjfKA b OKpecTHuCTHNtMjmHeapHoft tohkh jw 6 - 
paujiH b TeaeHHe 3atfaHHoro BpeMeaa c 3a£aHHoft bs£ohthoctlk. Bhzhc- 
jieHH ocHOHJjie^xapaKTepHCTaKH ynpaBJieHHH am HeKOTbpm npaMepoB b 
cjiyaae^tiaeK jmdpaiiaa CHCTeM Cojnme-3eivm a 3enum-JIyra 

KroaeBue cjioBa: jradpanaoHHaa Toaaa, yirpaBJieHae, cojme^t{oe 
naBJieHHe. 


This paper is dedicated to the possibility investigation of 
the utilization of the solar radiation pressure for the space- 
craft motion control in the vicinity of collinear libration point 
of planar restricted ring problem of three bodies. The control is 
realized by changing "the solsir sail" area at the its permanent 
orientation. In this problem the influence of the trajectory mea- 
suring errors and the errors of the execution control is account- 
ed. 

It is worked out the estimation method of the "solar sail" 
sizes, which are nessesary for spacecraft keeping in the vicinity 
of collinear libration point during the certain time with given 
probability. The main control parameters were calculated for same 
examples in case of libration points of the Sun-Earth and Earth- 
Moon systems.. 

Key words: libration point, control, solar radiation pressu- 
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I.BBeneHne. B padoTe [I] 6ma nocTaaneHa 3 aaaaa o 6 yaepaanmi KA 
b OKpecTHOcra KcvuiEHeapHoi totch mcipaipm iuiockom orpaHHaeimoB 
KpyroBOft. aaaaaa Tpex Tan c noMOUBB cm CBeTOBoro aaBnemw . Ilpeji— 
nojiarajiocL , hto HanpaBJieHze cam cseTOBoro aaBJieHHa, aeiicTByraneB 
aa KA, nocTOHHEO coBnajjaeT c HanpaBJieHHeM CBeTOBoro noTOKa. 3 to 
flocTHraeTCH c noMom&n cnenjiajrbHofi KOHCTpyicmm KocMiraecKoro anna- 
paTa (KA cq o$epireecKofi cx3qjiobko8; KA c cojmeaHHM aicpaHOM n npo- 
THBOBecoM, naccHBHo CTa<5anH3HpoBaHHH8 no HanpaBJieHiro Ha Ccunme h 
T. n.). Tajcafl KOHcrpyKUHH H 3 CSaBJiaeT ot HeofixoamocTH co 3 jaHHH cne- 
^-HHajibHOH cHCTeMH ynpaBjieHna opHeHTannefl KA h MaseT npeacTaBaaTB 
caMOCTOHTeJiBHHft HHTepec npn KOHCTpyHpoBamm caMoynpaBJiaeMoro KA. 
ynpaBJieHHe ^BHseHneM KA b 3tom cjiyaae ocynecTBaaeTca 3a caeT H3- 
MBH 6 HHH B 0 OTHHHH COM CBeTOBOrO aaBJIBHUH, HTO flOCTHTaeTCH H3Me- 
HeHHeM nnomattH "cojmeaHoro napyca" KA. Eariee cacratHHe TexHuaecKHe 
pemeHHH (HanpHMep, ynpaaneHHe opueHTanaeS comeaHoro 3Kpana), bo- 
o<5me roBopa, Moryr npHBecra k yMeHiineHHr waccH CHCTeMH. Tom caMHM 
nanyaeHHHe b HacToameft patfoTe opeura pasMepoB "cojmeaHoro napyca? 
nOCTHTOaHHe JUIH ynepsaHHH KA B' OKpeCTHOCTH KOJUIHHeapHOa TOHKH JIH- 
(Jpanjm b Teaeime 3asaHHoro BpeweHH, kbjuwtch b HeicoTopoM cmhcjib 
M aXOpaHTHHMH. 

B raaBHOM npztimxeHHH 3aaaaa omicHBaeTca [I] cncTeMoB jra- 
HeftHHx n^j$epeHHHajn.HHx ypasHeHufi 

^ = Av-^6 (WdU, v(t)-v; (i) 




J3 0 0 0 

/- yk^cos'P- Sin'f \ 

1 

> A= 

0 -p o o 
0 0 0 -/( 
0 0 M 0 

, g(q>) = f -9k*.cos<P + sinV 

\ Sin f 1 

\ ~ c lk 1 cas l f / 


>3 = A /•) , y> = V(t -t 0 )+%; X ,u>,y,, 1^, k^q- nocTo- 

hhhh 6 napauerpH 3anann (cm., HanpHMep, [I] , [2] ). B aacrao- 

cth, earn oxbo hs Tpex Tea - Ccunme ( hctohhhk cBeTOBofl panaamra), 
to b cooTHoneHHHX (I) HysHO noaasHTi V =1 h &(¥)= 8(0). ynpap- 
aeaze Su ynoBJieTBopaeT ycjioBHB (8u| < I. BeKTop V CBH3aH aHHefi- 
hum cooTHomemeM 

V = _ U*Q* (2) 

C BBSTOpOM 5 =(x,y ,±,y )T OnpeaeuuamHM OTKJIOH 6 HHH $aSOBHX nape- 
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MeHHHX ( KOOpflHHaT H K0MQ0H6HT CKOpOCTH KA) OT BHdpaHHOB (OHOpHOft) 
ycjroBHO-nepHoasnecKofl TpaeKTopaa. MaTpzna Q - nocToaHHa, a Be- 
jnaHHHa U* nponopnjioHajEbHa a5= Smax~ , r«e ,5™* , ~ 

saaKCHMajiLHaE h MHHHMajr&HaH sonycTHMue imomajtH "cojmeaHoro napyca" 
KA ( [I] , CTp. 5, 6 h 8). 

npa OTcyrcTBHH ynpaBJieHHH (Su =0) pemeHHe chctsmh (I), b aa- 
CTHOCTH , COflepSET SKCnOHeHEEBJILHO paCTyiljyK KOfdOHeHTy 

OTcxtna B03HHKaeT cjie^yanafl 3a£aaa: c homoiubh) ynpaBJieHHH Su (|Stl(<() 
odecaenaTB KBmesne KA b oKpecTHocTH onopHoft rpaeKTopHH b Teaemie 
3aflaHHoro BpeMera. HeKOTopHe cxej.u ynpasjieHM, Hcnojn.3yMjEe crniy 
cBexoBoro .naBJieHHa h peioaranHe ary 3a#aay b aeTepMHHHpoBaHHofi noc- 
TanoBKe , dium paccMOTpeHH b [i] ^ 

toi npoH3Ba>n>Horo 3HaaeHHH T=t - to b npocxpaHCTBe boktopob 
V 6am onpe^ejieHH [I] odJiacTH ynpaanaeMocTH. Taicoft ofijiacra 
npimajuieHaT juma to'qce V° . E3 kotopux mosho i^epefiTH 3a BpeMa, 

He iipeBocxo^amee T, b Hanaro KOOpflHHaT V =0 c noMonam orpajuneH- 
Horo no BejnwHHe ynpaaneHHa Su ( ]5u| < I). rpamma odJiacTH ynpaB- 
jiaeMocTH coctoht H3 Toneic V° , BpeMa nepexo.ua H3 kotophx tohho 
pasHO T, a ynpaaromie Su coBna^aeT c ynpasroHneM, oiithm£uibhhm no 
ducTpo^eficTBHB. IIpe^ejiBHaa odJiacrB ynpaaiaeMocTH (npa T-*- 00 ) 
npencTaBJiaeT codoll norocy b nerapexMepHOM npocTpaHcTBe 


TRe C(r) = \j 


(3) 


|V,°| < C(%), 



sHaneime V ynoBJiaTBopaeT ycroBEo: t<] t P = - , V’< 'P ^ V+TT, 

Sin a = , co i TA=(^-c ? y/ ko , k 0 = / (jf* lX^kJ+i) • 


Ecjih TOHKa v(t) b HeKOTopHfi M0M9HT BpeMSHz t oKaxeTca BHe npe- 
H&iBHofl odnacTH ynpaBJiaeMocTH, to ohb He MaxeT c5htb nepeBeneaa b 
odJiacTB (3) c noMontBD ynpaBJieHHH )5u| ^ { . 

B padoTe [i] , b nacTHocTE, HccaenoBanacB cxena ynpasneHEa, 
nepeBonamero $a30By» Toany H3 nojioseHHa V° aa ranepnrocKOCTB 
Vi=0 (onHOMepHHfi BapnaHT 3ajiaaH) . B btom cjiyaae KA nepe bojihtch 
H a TpaOKTOpEB , HOCTOHHHO HaXOjyjIHyDCH B HeKOTOpofi OKpeCTHOCTH 
onopHofi TpaeKTopzE . ynpaBJieHHe Su , onTHwaiiBHoe no dueTponeScTBH^ 
HBJLH8TCH perofeoi $yHKyHefl 5u= -I c nepHOflOM aT = TT/^) (jyui ch- 
cxeMH CojiHye-3eMiia ar=®°). Jlna OflHOMepHoro BapnaHTa 3aaaaE 
npejiejiBHaa odaacTB ynpaBJiaeMocTH tarase onpe^eJiaeTca cooTHoneHH— 
eM (3). 
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B HacTOHmefi padoTe paccMaTpHBaeTca CToxacTHHecKM BapnaHT 
onHcaHHo8 BHme 3auaHH, Kor.ua H3MepeHHH napaMeTpoB TpaeKTopira KA 
h HcnojmeHiie ynpaBJiHsmux B03peficTBH8 ocymecTBjrax>TCH co cjiy^amm- 
mh onmfiKaMK. Hccuieuyeiian 3auana b oOnteM BHue JopMyjmpyeTca cjieuy- 
mpiM cx5pa30M: ipi h3b6cthhx a a k o h a x pac- 
npeueueHHH BepoaiBocieS bxouhiuhx 
b sajaiy CJiyuaiiHHX b s u h h h h o h e - 

hhtb BepoHTHocTB yjepzaHBH KA B 

t e a e h h e b p e m e h 2 T b HeKOTopoB 3 a- 
jaiHoS oKpecTHocTH onopHog TpaeK- 

TOPHH H HCCJieuOBaTB 33BHCHM0CTH 
a-Tofi BepoaTHOcTH ot. napaMeTpoB 

3 a u a h h . B KaaecTBe yxa3aHHo2 oKpecTHocTH dypeT paccMaTpur- 
BaTBca npeuejiBnaa odJiacTi ynpaaraeMOCTH ueTepMHHHpoBaHHoJi 3apa- 
v * (3). 

JJAHHaa cToxacTOTecKaa 3auaaa b HacToameM padoTe dyneT uccjre- 
UOBaTBCH b UHCKpeTHoJt nocTaHOBKe. Hpn 3Tom dy«eT npeunojiaraTBca, 
HTO TpaeKTOpnae H3MepeHHH OCymeCTBJLHIOTCH B $HKCHpOBaHHHe MOMeHTU 
BpeMem, H3MepneMue napaMerpn UHHetoo CBii3aHH c BeKTopoM coctoh- 
hhh V ( f ) » a ynpaBaemie BHdupaeTCH H3 Knacca Kycoaijo — iioctohhhhx 
$yHKmit c pa3pHBaMH b Te xe MOMeHTU BpeMeHH. JIjib nojiyaeHmi ouemcfl 
BeKTOpa COCTOHHHH H BHHHCJieHHH BejIHHHHH ynpaBJieHHH HCnOJIB3yeTCH 
(JanBTp Kajo/ana. JtHCKpeTHufi BapaaHT hcxouhoA 3ananH onucaa b pa3- 
Pfijie 2. 'teojoBHe oziohkh jvm aroro sapzaHTa 3auaTO ncwyneHn MeTO- 
uou MoHTe-Kapjio h npeucTaBJieHH b pa3uejie 7. 

UpeuBapHTejiBHO b pa3uejiax 3-4 aHajuranpyrnTca ynpomeHHue Ba- 
PHBHTH HCXOflHOft 3auaHH, IIO 3 BOJIHBfltHS OpeHHTB OCUiaCTH 3HaHeHHH lia- 
paMeTpOB, KOTOpblM COOTBeTCTByKT "pa3yMHHe" BepOHTHOCTH yuepataHHH 
KA b Teaerae HecKcwiBKHX jieT. B pa3ueue 3 uaeica nocTaHOBKa orpa- 
HHaeHHoro oupoMepHoro BapnaHTa 3aua*m, xoTopnfi B03iancaeT npa cne- 
aaanBHOM rape TpaeKiopHHx H3MepeHH8. HecMOTpa Ha pap ynpomamimx 
npeunouQxeHKfi, caejiaHHHX b pa3ueuax 2-3, HccjiepoBaHHe orparaneH- 
Horo opHOMepHoro BapzaHTa 3apaHH, Tax se ksk h odnjeft aapaHH, c no- 
ho®b» MeToua MoHTe-Kapuo bbcbme Tpypoemo H3-3a dcuiBraoro HHCjia 
napaweTpoB. Hcnojn>30Bajme aHajraTHnecKHX mstobob HccuepoBaHHa noc- 
TaBJieHHofi 3auaxH 3aTpypHeHo, b Hacraocra, HajunmeM orpaHHHeHiw Ha 
ynpaBJieHze . B paau&zie 4 pemaeTca HeorpaHHaeronift ouHOMepnafl BapH- 
aHT 3auaaH, b KOTopoia HeT TaKoro orpamreeHHg. IIcwijnieHH cooraome- 
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HHH BifiaCJieHKH BepOHTHOCTH ysepaaHHH KA B OKpeCTHOCTH ' OnOpHOH 
TpaeKTopaH b Tenemie 3anaHHoro HHTepBajia BpeMeHH. 

B pa3flejie 5 uphbs^shh HHCJieHHue pe3yjn>TaTH orpaHHHeHHoro h 
HeorpaHineHHoro oflHOMepHHX BapnaHTOB 3a&aHH. HcKOMan BepoHTHocTt 
onpe^ejLfuiacB b orpaniiHSHHOM oflHOMepHOM BapnaHTe 3anaHz c noMomBto 
Me'ro^a cTaTRcTHHecKHx KcnHTaHHfi, a b KeorpaHiraeHHOM ojpioMepHOM 
BapiiaHTe - c homohjek) bubsabhhhx aHajnrrine ckhx cooTHomemifi. Bhhhc- 
jieHHH npoBOflminci> jyin KOJUiKHeapHHx Toney, jiadpamra Li cacTeMU 
Cojim.te-3etAfLFi is La chctsmh SeNuia-jlyHa. Kan noKa3ajm 3 th BHancjie- 
HHH, JlflR flOCTaTO'fflO dOJIBUDDC HHTepBaJIOB BpeMeHH MeSjy TOHKaMH ne- 
pewmHeHHH ynpaBJieHHH uccjieayeMHe xapaKTepncTHKH jyw odonx Bapa- 
aHTOB 3ajiaHH cSjih3kh no Bejimrae. 

B paaflejie 6 Ha ocHOBe 3BpHCTnnecKHX coodpaneHmi yciaHaBJUt— 
BaeTCH cooTBeTcTBHe Mesyiy hcxouhoS 3ananefi a ee orpaHHneHHHM ojx- 
HOMepHHM BapliaHTOM. C nOMOIilBK) BHHHCJleHaS opeHHBaeTCfl TOHHOCTB 
yKa3aHHoro cooTBeTCTBua. TeM chmhm, pemaa cymecTBeHHo dojiee npoc- 
Toit offHOMepHuft BapiiaHT 3aflanH, 0K33HBaeTCH bo3mohhhm Hafira npa- 
(SjisaeHHHQ BHaaeHMH napaMeTpoB, odecEeHsmamsHe Tpedyet/me bgjihhhhh 
B epOHTHOCTH yflepsaHHH KA am HCXOflHOfi 3a4aHH, B 3aBHCHM0CTH OT 
BepOHTHOCTHHX XapaKTepHCTHX OEffldOK TpaeKTOpHHX H3MepeHHfi H HCHOJI- 
H6HHH ynpaBJieHHH. Hpn 3TOM paCCMaTpHBaHHCB pa3JIHHHHe BHHH TpaeK- 
TOpHHX H3MepeHn2: paHHOTexHunecKHe H3MepeHHH najn>H 0 CTH h pajmain>- 
Hofi CKOpOCTH KA OTHOCHTejEBHO Ha3eMHHX ECyHKTOB, yTJIOBHe H3MepeHHH 
c dopTa KA. OueHKH Heodxo^HMHx pa3MepoB "cojiHeHHoro napyca" KA 
npHBeneiiH b Tadjimiax pa3nejia 7. Jim HJunocTpaiiHH Hcnojn>30BaHBH 
3 tux Tadjnm b 3 tom pa3,nejie paccwoTpeHH nerape npHMepa. 

2. JlHCKpeTHHfi aHajior cToxacTinecKog 3anaHH. CToxacTHHecKan 3 ajtaaa 
b 3 Toil padoTe paccMETpHBae tch b uHCKpeTHofi nocTanoBKe. HHTepsaJi 
BpeMeHH [to, t 0 + T] pa3dHBaeTCH Ha V nojjHHTepBajiOB ( t n ,t„ 41 ] toh- 
khmh t c , ( L=T+ 1 0 ) . IIpeanojiaraeTCH , hto TpaeKTopHne H3Me- 

peHHH H H 3 M 6 H 6 HHH ynpaBJieHHH Su MQHHO npOBOflHTi JUBH. B M 0 M 6 HTH 
BpeMeHH t n (n=0,I t ...,A/ ). Ha HHTepBajie ( ta.L.J ynpaBieHae Su 
hoctohhho ( |Su| 4. I) . 

McnojiB3yH 3th npennojioseHHH h HHTerpnpyH CHCTeMy ypaBHemiR 
(I) hs nasmoM HHTepBajie [t a ,t n ,j] , HeTpynHO nojiynaTB hhckpcthh® 
aHajior ypaBaeHHH (I) 

V(t n J = Kt n . r t n )V(t n ) + p(n)u n , 


(4) 
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r«e 


F(*) = 


p(a) = 


e 

0 

0 

0 

/ 


v. 


** 0 0 0 
Q- Xx o 0 

0 COg cox. -gmcox 
0 SiQ-cox cos cox 

~ kj ( gtti(<Pn. +a) - g in. Aj) 
kiCG^SlaC'Pa-A)- 5iaC^i-A» 
k«co^(^-o3^ta)- ks-cog (<?„_+ CO&Q+ k 6 coS <£ +i 
k A $ia(f a -cc>Aih) - kf^Kfn. + ^At«)-k 7 £ia , 6« / 


U n - 3Ha^eHHe ynpaaneHaa Su Ha zHTepmne ( t rt , t***] . Bbo^h odo- 
3HaTCHHH fv L = F( t a *r t a ) H V ( a)= V(ta), cooTHomeHHe (4) mqhho 
H anHcaTB b cjieaynneM Bane 


V( n+ i) = ft V(n) +p(n)u a . ( 5 ) 

B KaaflHfi MOM8HT Bpe«0HH trt HE* OCHOBaHHH OdpadOTKH TpaeK- 
TOpHHX H3MepeHHfi, HOiyHeHHHX Ha HHTepBajie [to, tn] , BHHHCraeTCH 
oaemca V ( ri ) BeKTopa coctohhhh V ( a ) , 3Ta oaemca dyjxeT Honcwn.- 
30BaiBCH HHse npn HaxcayieHHH pacaeraoro sHaaeHaa ynpaaneHaa U n . 
JaKTHHecKH peajm30BaHHoe ynpaBJieHze Un oTnanaeTCH ot pacaeraoro 
anaHeHHH U a Ha BejiaaHHy omadjca hciiojih8hhh U n = Un- U n . B acxoa- 
Hofl nocTaaoBKe 3a,aaHH npeancuiaraeTca, hto U„ mqhho npeacTaBHTB 
b caeayimeM Base 

Un~ Un^ e n. + r ln. ’ (6) 


rjje de n a - MysiBTHiumKaTHBHaH h aroHTHBHaa HcnojmHTejnbHHe 
onmdKH. 

flna BHdopa pacaeraoro 3HaaeHaa ynpaaneHaa U n mqhho boc- 
non.30BaTi.CH, Boodme roBopa, paaaaaHHMa apaTepaaMH. Kan oTMeaa- 
hocb BHme, npa oTcyrcTBaa ynpaaneHaa (U n = 0) nepBaa KOMnoneHTa 
BBKTOpa COCTOHHZH 3KCnOH6HHHaJIbHO dHCTpO B03paCTa6T. Ilpa 3 TOM OC- 
TaaiHHe KOMnoHeHra BeKTopa V ocTaurca orpaHaaeHHHMH. B 3 ToS pa- 
<Jot8 pacaeraoe sHaaeHae ynpaBaeHHH U n dyseT BHdapaTBca H3 ycao- 
BHfl MHHHMHSaaaH B M0U9HT BP6M8HH tn*i MQflyjIH EQpBOft KOMEOHeHTH 
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|Vi(n + i)| BeKTopa V < n^i) , rue nepe3 V (n+i) o0o3HaaeHo MaTeMaTH- 
uecKoe osuanaHHe BeKTopa V ( n+i) npn ycuoBHZ, a to b MOMeHT t n 6uaa 
noJiyueHa oueioca V ( n ) . Bo3mohhoctb ncnojtB30BaHHH TaKoit orpaHH- 
KeHHott cTpaTenra ynpaBjieHEH jyi a pemeHna 3auaHH yuepaaHUH KA b ok- 
pecTHocra KojunmeapHofi tohkh jindpamo!, Korua K.oppeKiara uBHHemiH 
KA ocymecTBJWBTCH c noMoao>io peaKTHBHux uBuraTeueii, dujia noKasaHa 
b padoTe [ 2 ] . 

M3 cooTHomeHHH (5) oaeBXUHO cjieuyeT, hto 


V(a+i) = PaV(n) +p( n) U a . 


TaK Kan HHTepsajiu BpeMera ^t a = t n * t - t n ( n -0,1 
poBaHH, to U n BifDicjLHeTCfl no cueuyraueM $op.uyjie 



(7) 

,<V-I) pKCH- 

(8) 


{ I, ecua x> I 
cc, ecjffl |X|<.I 

^ -I, ecjiH jc<-I, 

V n , pn. - nepBHe KOMnoHeHTU BeKTopoB \7(n.) h p(n.), i n - nep- 
buM unaroHajiBHHii aneMCHT MaTpmjH F a . 

OueHKa 9 in) BeKTopa V ( n. ) oirpeuejmeTCH b pe3yjn>TaTe o<5— 
pafioTKH TpaeKTopHHx H3MepeHHft. IIpeunojiaraeTCfl , hto b momchth Bpe- 
MeHH tn npoBOflOTCH H3MepeHHH BeKTopa Z(n)^jR, e , .mHofeo cbh- 
3aHHoro c V ( n ) 


Z(n) = H n V(n) + A(n), ( 9 ) 

rue H a - H3BecTHHe mot puna pa3MepH0CTii £ *4, a A ( n. ) - cuyuafl- 
Haa oumOita H3MepeHira. 

EyueM npeunojiaraTB, hto BBeueHHue snae BejmuHH • X n , 7 a 
A(n.) (n=0,I a/) - nocJieuoBaTejiBHocTH He3aBHcm,cix aiyaaftflix 

BeJLHHHH C HyueBHMH CpeUHHMH, UZCnepCHHMH E 'din - §n , E 7rt = 5 n H 
MaTpemeK KOBapHauaS EA(I7) A t ( n )= D a . Huh nouyneffiiH ouemui 
BeKTopa coctohhhh Q ( ll ) BOcnojn>3yeMCH $HUiTpoM KauMana [31 , - on- 

THM£UIBHHM B CMHCJie MHHHMyMa CpeflHeKBanpaTHHeCKOft OBHdKH , 

Win.) = V(n) +- M a (2(n) - H n Win)), (10) 


rue 


M* = RaHl(H nRnH^Dn)] 1 
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Rn»i Ri fv ■*" (. U - n + $n.) p(0)p (ft), (II) 

Pa = (£-MaHa)R n (£-MaHa) r +M n DaM:, 

£ - e^HHimaH MaTpnua. 

tlpeanoiiaraeTCH, hto b Haqajr&HHfl momcht BpeMeHH t 0 BeKTo'p V (0) 
HMeeT HopMajn>Hoe pacnpejxeJieHze BepoHTHOcTeii c MaTeMaTHHecKHM ohh- 
HaHHeM V(0> h KOBapiiaitKOHHoM MaTpupeH R 0 . 

Il3-3a HajimiiH Myjr&TKiuiHKaTHBHHX HcnojrHHTejiBHHx oiuhOok h .He- 
JiHHeiffloro 3aK0Ha ynpaanemw BeKTop V ( n ) He nsmeTcn rayccoBHM. 
IIpH otom MaTpmy R n , M„ J C, 3aBncHT ot cjiyHataHX Bertram U n . t 
h, TeM caMHM, He MoryT <5 htb BimcjieHH 3apaHee. Ecjih MyjiBTHnjiHKa- 

THBHHe HCHOJIHHTeJIBHHe OIUHOKH OTCyTCTByiOT ( ^[a=0, n=0,I A/-I\ 

to MaTpHHH R a , M n h P n He 3aBHCHT ot peajm3amifi cjiyaatoux Be- 
jihhhh A ( n ) h U n k MoryT <5 htb BHHHCJieHH 3apaHee oth Bcex 3Hane- 
hh» a =0,1 /V . 

H3 (5) ,(7) h (10) Jienco bhboaktch peKyppeHTHan $opMyjia wm 
BeKTopa ^(n)=V(n.)-V(ri) 

> ( n + i) = Fk ( E - Mn Hn) % <n)- fy, a (n)+p(n)B nf ( I2 } 

KOTopaa dyjieT HcnojiB30BaHa mrace. B caynae g n = 0 ( a =0,1, . . . , A/— I) 
cooTHomeHHe (12) oirpeflejineT HopMajiBHy® MapKOBCKyra nocjieflOBaTejiB- 
HOCTB BeKTOpOB ^( fl ) C HyjieBHMH MaTeMaTHHeCKHMM QSHHaHHHMH H 
MaTproeM KosapHamrii R n . 

IIocTaBJieHHaH b npejwnymeM pa 3 pejie cToxacTHaecKaa 3anana mo- 
aeT <5 htb Tenept c$opMyjmpoBaHa cjiepyionzM odpa30M. IfeBecTHo, hto 
T paeKTOpHHe H3MepeHHH OCymeCTBJIHJOTCH B MOMeHTH BpeMeHH t n ( n=0, 

I h mem bhu (9), pac^eraoe yirpaBJieHHe u n BHHHCJiHeTca 
no $opMyJie ( 8) , oueHKa BeKTopa coctohhzh V ( n ) onpeji&raeTCH c 
noMomBB (JimiiTpa KajiMaaa (10). IlapaMeTpH HopHajiBHoro pacirpe^eJieHHH 
A ( a ) , de n h 1 2 n H3BecTHH b Kaanufi mombht BpeMeHH t n . TpeOyeica 
onpenejmTB BepoHTHoeTB Anyswamw $a30Bo2 tohkh V ( a ) b Tenemie 
aaflaHHoro BpeMeHH T BHyrpa npe^eJiBHofi o&racTH ynpaBJiaeMOCTH 

I ^(n)! < C n , (a =0,1 a/), (13) 

TOe C n = C ( fk), a $yHKmw C ( <f ) BBepeHa b (3). 

CooTHomeHHH (5)-(I3) onHCHBasjT peKyppeHrayi) npopepypy, no3- 
Bojumnyzi nonyaaTB onemcy V(n) a pacc’nmiBaTB ynpasaeHHe U n . 
HeftCTBHTeJIBHO, B Hp0H3B0JIBHHft M0M6HT BpeMeHH t* HMeeTCfl anpHOp- 
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Has HH$OpMai£IH B BHae MSTeMaTHHeCKOrO QSHHaHHH V ( n ) H MaTpimU 
R t1 . riocjie odpacSoTKH H3MepeHiiH 2(n) c noMomtH cooTHomeHHH (10) 
BHHHCJiaeTCH oueHKa V(n) a pacneTHoe yirpaBJieHae u n (8). 3aTeM 
ocymecTBJiHeTCfl mar &t a a bhhhcjlhk>tch BejnreaHH V(n+I) (7) a 
Rrui. (II) jyiH cjieayrauero MOMeHTa BpeMeHH t n + l . 

nocTaaneHHym saaaay aan KomcpeTHHx hcxojhhx aamaix mqhho 
3$#eKTHBHO pernaTB c noMombB MoaejiapoBaHEH npouecca Ha 3EM, T.e. 
MeToaoM MoHTe-Kapmo . OaHaKo 3aaaaa coaepacaT <5ojn>uioe hhcjio napa- 

MeTpoB ( t n , $ n , g n , j) n (n=0,I V), T, M, V(0),R o ). 

ItosTowy npoBeaeHHe accjieaoBaHHH MeToaoM MoHTe-Kapjio nyreM Macco- 
bhx pacneTOB npa paararmHx SHaHeHiwx Bxoaamax napaweTpoB TpedyeT 
do jib mux 3aTpam BpeMeHH 3BV1 a 3aTpyaRfleT nocTpoenae odmeM KapTHHH, 
Kejiecooc5pa3Ho Ha HaaajitHOM 3Tane paccMoxpeTB dojiee npocTbie Bapa- 
aHTH, no3BojiHKxiiHe jiado bhhchhtb b raaBHOM aHajiHTHHecKHfl xapaKTep 
HeKOTOpHX 3aBHCHMOCTe0, JIHdO nOCTpOHTB 3TH 3aBHCHMOCTH HHCJieHHO, 
HO fiOJiee 3K0H0MHHM 0(Spa30M. B CBH3H C 3THM OTMeTHM B03M0HHHe ny- 
th ynpomeHHH 3aaa hh:' 

1. UHTepBaim BpeMeHH t\i n - t n4i -t n ( n =0,1, . . . ,hJ -I) paBHH 

MCKjty cocSofi: &t n = &t. B stow caynae MaTpaua F n Tarae 6y- 

aeT nocTOHHHa P n = F , j- rt = f = . 

2. jlacnepcHH h Sn acnojiHHTejr&HHx oinadoa He 3aBHCHT ot 

BpeMeHa: gf x =g i , s£= 5^ , n=0,I V— I. 

3. MaTpaua KOBapaauatt D n ( n =0,1, ...,hl ) oiuh<5ok TpaeKTopHHX 

ii3MepeHKfi oaaHaKOBH aJiH Bcex n : D a = D . 

4. B HanajitHHii woMeHT BpeMeHH MaTeMaTauecKoe osmaanae- V (0) 
BeKTopa V (0) paBHo Hyjrra. 

ftae 3aaaaa accJieayeTca npa bthx ynpomaanax npeanojioseHHHX. 


3. OrpaHHHeHHbifl oaHOMepHuft BapaaHT 3aaaaa. PaccMOTpHM ohhh nacT- 
hhK cjiynail 3aaaHa, apeacTaBJiHBmaS h caMocTOHTejn>HHfl HHTepec. HaH- 
hh 2 BapaaHT 3aaaaa B03HHKaeT npa cneuaajiBHOM Baae rpaeKTopHHx aa- 
MepeHafi (9), Koraa Maxpaua H a HBJiaeTca BeKTop-CTpoKofi 

H* = U, 0.0,0), n~0,L V. 

B dtom cjiyaae H3«epeHHH 3aBacjrr jnsm> ot nepBoM KOMnoHeHTH $a3dBO- 
ro BeKTopa V(n). Hcnojrb3ya Baa waTpau H n x F n (4), Jienco no- 
Ka3aTB , hto b cooTHomeHHHX (5), (7), (10) -(12) OTmeruiHDTCH ypasHe- 
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? 

hzh am nepsax komhohbht h nepBHX SJieweHTCB cooTBeTCTByrnffic BeK- 
TopoB h metphii. PacHeraoe 3HazeHJie ynpaaneHZH u n (8) h pa3Mepa 
odaacTeft ynpaBJweMOCTH (3) TaKse 3aBHCHT j umb ot V t (n ). Tarara 
odpa30M, npH TpaeKTopHHX H3MepeHzax Taicoro crreujiajiBHoro Buna mck- 
ho orpaHOTHTBCH H3yHemieM noBeBeHHH tojtbko nepBOfl KOMnoHeHra BeK- 
Topa V ( n ) . 

Gjiobo "orpaHmeHHHfi" b Ha3BaHHn jiaHHoro pas^ejia yKa3HBaeT 
Ha Hajarrae, KaK h b ncxoaHoft sa^ane, orpamneHm Ha Bejnriioiy pac- 
HeTHoro ynpaaneHHH ( I U n | 4 I, a =0,1, . . . , A/-I) . 

B aajn>He&ieM dyzyr KcnojrtaoBaTBCH cooTBeTCTBymuHe nponucHHe 
PyKBH C HEKHEM BpCMSHHHM HHJteKCOM flJIH 0dO3HaHeHHH HepBHX J^iiaTO— 
HanBHHX SJieMeHTOB MaTpHU H nepBHX KOMHOHeHT BeKTOpOB, BBe^eHHHX B 
npewHymeM pa3sejie. CoomomeHm (5)-(I2) am orp&tmvemoro ojmo- 
MepHoro BapaaHTa 3 mam djoorr men cjisjijimsxS. bh& 


Vn-*i — ^ Vn + prx Un > 

V n+± = Wa + PnU„. 

Vn = V n + m n( %n + ^n), . 

"f + Pn^-a : 


(14) 


m, = 


~ rn + c/ 
r ntl = + (u£g*+ <r*-;pa , 






5 -= e 7 ^n + , 

r#e U n h V (x ) onpezejiHBTCH (6) h (8). K3 cooTHomeHHH 

(9) TaKse nojiynm 

Zn=Vn + A n . (15) 


Tax se khk h b ocSmeft 3a#aae TpedyeTca onpeaejntTB BeponTHOCTB dJiy- 
jshshhh ouynatooft BeJiHHHHH V n BHyrrpH odJiacra (13) b revenue BpeMe- 
hh T. JlaHHaa BeponTHOCTB 3aBHCHT ot 3HaVeHnfl cem napaiaeTpoB: T, 
a t , % , r 0 . g . $ h <j a , r^e d & - cpeflHeKBajtpaTmecKoe ot. - 
KJI0H6HH6 CJIJHaflHHX oimdOK TpaeKTopHHX H3M6pSHZS ( d>t =d). Hm 
coKpameHHH odBewa bhhhcjishhS npn hhcjishhom aHajinse #aHHoro Bapz- 
aHTa 3a#aHH HCCJieflOBaJTHCB 3aBHCHM0CTZ HCKOMO0 BepOHTHOCTH TOJI&KO 
or At, 2 , f 2 d* npa hoctohhhhx 3HazeHzax ocTajiBHHX napaMeT- 
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poB. KpoMe BToro, paccMaTpuBajicn tqjilko ycTaHOBHHimficH peam npo- 
pecca (14), hto no3Baniuio hckjehhtb hs aHajiH3a 3aBHCHM0CTB peine- 
hmh ot napaMeTpa F a . 

IIohchhm noHBTae ycTaHOBHBinerocfl pescmia. Ecjiu rrponecc (14) 
npomeji n. maroB, rne n nocTaTorao Bejnuco, to Bimsame HananBHoro 
pacnpenejieHiw BaimHHHH V° Ha pacnpeaejieHze V n dyneT HecymecT- 
BeHHo. B cJiynae g =0 (HeT My.iB t munc-taT hbhhx ncnonHHTejr&HHX oum- 
<5 ok) npH onpeflaneHHHx 3HaneHHHX HHTepBana BpeMeHH At= TT/^a/ 0 , me 
A/o - npoH3BOjn>Hoe nenoe nojicumTejiBHoe hhcjio, bto npHBoaHT k to- 
My, hto BeJiHHHHH p n , r a h m n nepe3 paBHoe KOjimecTBo maroB At 
dynyr npuHHMaTB Te se 3HaneHHH, T.e. dynyr nepHonHaecKHMH gjiyKrasa- 
hmh napaMeTpa n c nepnonoM A / 0 . Hamm cnryauKH h dyjteT Ha3u- 
B3TBCH yCTaHOBHBUIHMCfl P6HHM0M. KaK nOKa3aJIH BHHHCJieHHH, npH JIBdOM 
AOCTaTOHHo MajiOM nanajiBHOM 3HaneHHH P 0 yxe nepe3 hbckcuilko nepn- 
ojtOB /V 0 nponecc (14) npaKTmecKH Buxonur na ycTaHOBHBiuntic.fi pe- 
SKM. 

B nanBHeftineM dyn eM cHHTaTB, hto yse b HanajiBHHfi momcht Bpe- 
mbhh nponecc (14) HaxonuTCfl b ycTaHOBHBiueMCH pesmie, T.e. HHTep— 
bsjiu BpeMeHH Meany nepeimiHeHHHMH ynpaaueHHH npram^aDT 3HaneHHH 
nt = tt/')A/o , v 0 paBHo cooTBeTCTBys*neMy ycTaHOBHBffleMycH 3HaneHHK 
r o * ( BHHHCJieHHe BeJiiminni P 0 * nano b npjuioxeHKn k naHHOMy pa3aeny). 
JIaHHoe npennoJicaccHHe dyneT ncnojiB30BaTBCH h npH aHanH3e Monaim, 
conepaameti MyJMTHiuiHKaTHBHHe HcnonHHTeJiBHHe onmdKH. BejinnnHa P Q * 
b 3Tom cnynae BHHHCJweTCH no TeM se (JiopMyjiaM (18), hto h npu g=0. 

TaKHM odpa30M, b ycTaHOBHBiueMCH peamie KomnecTBO napaMeT- 
poB orpaHKneHHoro onHowepHoro sapnaHTa 3anann coicpamaeTCH no mec- 
th ( V 0 * ojxH03naMHo onpenejMeTcn 3HaneHHHMH napaMeTpoB a t, d a , 

$ , H’o ) . B cjiynae g =0 BejnrmHH p n , r„ a m a Moryr Putb bu- 
HHCJieHH 3apanee. 

Ilperae new nepeiiTK k odcyxneHino pe3ynBTaT0B BHHHCJieHK# b 
paMitax aToro BapnaiiTa 3anaHn, paccMOTpHM eme onny BcnoMoraTeJEB- 
Hyio 3anayy , pe3yjiBTaTH KOTopoii MaaopupyBT CBepxy pe3yjiBT3TH orpa- 
HineHHoro oflHOMepHoro napnaHTa. 

SaMenaHHe . Aim cHCTeuu ConH^e-3e^uM orpaHHneHHuft onuoMepHuti Bapn- 
oht 3ananH HMeeT donee npocToB Bun. B 3 tom cjiynae BeiarotHH p n He 
3aBiiCHT ot BpeMeHH h paBHH Mesuiy codoii: p n = p =- ilii( i -I). 

MHTepBaji BpeMeHH Mexmy nepemiHJHeHKHMH ynpaaneHHB MoseT npuHHMSTB 
npOH3BOJIBHHe 3!laHCHIM . y CTaHOBHBUIHeCH 3HaHeHKfl nHcnepcHH I )* TaK- 
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se ojcmaxoBH Bcex, i n 

rtf = r’ r =-f -( i+ '/ 1 + (is) 

rae a=(f a -I)c( + £ a p a . IlapaMeTp ^ b ashhom cmynae OTcyrciByeT. 


npanoaetme. 3 HaneHHH aHcnepcira P K * ( K= 0 ,I, . . . , V c -I) b ycTaHo- 
BHBineMCH peKUMe onpeaeJMBTCH H 3 ycmoBHH nepHoamraocra $yHKmm P„ 

( n = 0 , 1 , . , A/ ) c nepnoaoM M, . Tbkhm odpa 30 M, 3 HaqemiH r* Haxo- 
OUTCH Kan peraeHHe chctcmh hs A 4 aaredpamiecKHX ypaBHeimft 




r K d 
r K + d 


+ ( k =o,L,...,A/ 0 ~2-) 


( 17 ) 


tr* ®rc>. 

3 Ta CHCTewa ypaBHeHzfi npa £ ^0 meeT eaHHCTBemioe HeoTpmoTeabHoe 
( P*>Q, K= 0 ,I, . . . , A/ 0 -I) pememie 


r* = (V(X 4 w - Y/Vof +4 y 2 «tg W3 - W>)-W$A W 


\r\ * 

* K — 


y t (K)r 0 *-,- 4 (k) 

y 3 oori*+ new 


» ( K =0,1 Ao-I) , 


( 18 ) 


rae BeKTop ^ ( K )=C J^( K ) , K ) , #j( K ) , 2 ^( K ) ) BrnracjiaeTCH no 
peKyppeHTHoM $opMyjie 


X(K + l) = P K )T(k) , ( k = 0 , 1 , . 


rxe /A i 

a* o o 

X(o)=( o j > p = 

o a K o 5 k 

10 / K 

i o d o 

\ij 

0 L 0 d 


. a/o-I), 

a K = <V + s*p£, 
8 k = ds*pZ . 


Hpn $ =0 CHCTeMa ypaHHeHmi ( 17 ) HMeeT eme obho pememie: P K * =0 

( K =0,1 , A/o-I). OjpiaKO 3To pememie HeycTofroiBO b tom cmhcjic, 

hto npH npoH3B0jn>HOM He paBHOM Hyjno HaaamiHOM 3 HanemiH r\, b yc- 
TaHOBKBmeMCH pesuase aacnepcroi rv, cxoahtch k SHaneHiiHM (IP), a He 
k pernemn) r^*= 0 . 


4. He orpampi emmfl QjHOMepHHfl BapnaHT 3 aaami . PaccMOTpHM oaHOMep- 
HHfl BapnaHT GTOXaCTHHeCKOft 3aBam5,B KOTOPOM OTCyTCTByror BUyj&TH- 
mniKaTHBHHe HcnojiHHTejttHHe omndKH h pacHeraoe ynpaBJiemie u^( n =0, 

I A/ -I) MCCSBT npHHHMaTB npOH 3 BOJH>HHe HeorpaHHHeHHHe 3 HEH 6 HHH. 

Kbk h paname, < 5 yaeM TpedoBaTt, htoCh ynpaBaeime U n MHHHMii3HpoBa- 
jlo BararaHHy |v n »J> H8 cooTHomeHHH (14) caeayeT, hto npa OTcyrcT- 
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A 

bkh orpaHiweiuifi Ha ynpasjieHHe u n HBiweTCH jmHeiiHoK (JiyimuHeH 

OUeHKH 



UpH btom MaTer.aTiraecKoe osnuamie <5yseT paBHO Hyjno npn jdocSom 
n , a BejmMHHa Vn CSyseT coBnasaTB c a orrpes&MTBCH cooraome- 
KHeM 


Vn*i = «tnV ft +fi tt , ( n =0,1 y-I), (20) 

rse U n = , 6 n - nocJieflOBaTejiBHocTB He3aBHCHMHX rayccoBux 
G'lyHaHHHX^BeJUTOIH.C HyJteBUMH epeflHHMH H aKCnepCHHMH <D n =fm*d+ph3. 


fc/ 


TaKHM ocSpa 30 M, sasaaa cboshtch k HCcjiesosaHim MapKOBCKofl 
cJiyHaiteoa nocjieaoBaTejiBHocTH ( 20 ), B HaaajrEHHfi mombht BpeMeHH Be- 
jiOTHHa V 0 rneeT HopMasBHHH 33 koh pacrrpesejieHHH BeposTHOcTeii c 
HyjieBHM MaTeMaTiraecKHM osHsaHneM h sHcnepcnefi n> . JlnHefinocTt co- 
oTHouieHKH ( 20 ) coxpaHneT rayccoBHAM h nepeMemme V a (n=I, 

A/ ) . flpn btom MaTeMaTinecKoe cmsaHHe b&jiotkhh V n paBHO Hyjro, a 

jnHcnepcHH - r n . 

Ana jmponieHHH sasiHefiiinix BtouiasoK BBe^em hobjho nepeMeHHyro 

COCTOHHHH ^ = \/ n /^a , IWe C n (ft = 0,1 V) OnpeSejIHBTCH B 

( 13 ). CooTHomeHHe ( 20 ) oraocHTejiBHO stoA nepeMeHHofi npuHHMaeT bhs 


^ =0.1 ( 22 > 

r.ne c<“= oL n C rl /C nti , &° - nocseaoBaT&HBHocTB He3aBHCHMHX Hopf.iajiL- 
hux cjQraafctux BejurcxH c HyjieBUM mTewaTHaecKHM oaiwaHneM h cpes- 
HeKBa.npaTHaecKHM OTKJioHeHHeM 6^ = dm/Cn * i • 

Pac cr.iaTp itBae mh fi b stom pa3sejie npesejiBHHil BapnaHT 3asaHH 
MOKHO C$OpMyjIHpOBaTB CJICJXymHM 0(5pa30M: HaflTH BepOHTHOCTB &JiyH£a- 
HHH HOpMaJTBHOfi MapiCOBCKOft CJiyHaitHOfl nOCJieflOBaTejrbHOCTi! (22) B Te- 
aerate 3a^aHHoro BpeMeHH T= N&t Messy norsomaHsmiMH rpaHimaMH *1. 
OdosHaami saHHyio BeponTiiocTB aepe3 P M . ycneumum peasz3amLHMH 
npoqecca (22) dysyT jnnm, Te, KOTopHe 3a M maroB hh pa3y He bhU- 
syT K3 HHTepBaaa (-1,1). BBeseM od03HaaeHae am ycaoBHofl BeponT— 

hocth W n (x) ( n =0,1 A/) ycnemHoro PjiyssaHHH nosnocsesoBa- 

TQJItHOCTH \ K (K = 17 N ) BHyTpH CKjjiaCTH (-1,1) npH yCJIOBHH, 

HTO B MOMeHT BpeMeHH t n 3T8 nOsnOCJieSOBaTSSBHOCTB HEXOSHnaCB B 
TOSKeV^n = X. OaeBHHHO, HTO npH |x| > I BepOHTHOCTH W ri (a=0,I, 

. , . , N ) ' TossecTBeHHo paBHH HyjBD, nosTOMy b sajiBHefimeM HccsesoBa- 
HHe OrpaHHHZM HHTepBaJIOM (-1,1;. ECJSOI BepOHTHOCTH w n ( ^ ) Hall- 
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Hem, to BepoHTHocTL P v BOTHCJiHeTCH no $OpMyjie 

l 

P w = J Wo(x) U*)dx, (23) 

D i 1 30 3 

rae c 0 (x) = & zr ° ~ njio.THocTB pacnpe^ejieHHH BeponTHocTeii 

Bararomu \ o , r/= rs/cf . 

Mcnojn>3yH He3aBHCHM0CTt h cJiy^aitHHx Bejrcrnnn' (K=0, 

I A/ -I ) , mqkho ncuiyHHTB pexyppeHTHyiD $opwyjiy am W„ 

W - (X) “gF5 * '*,(24) 

r«e W^X^I Ha HHTepBane (-1,1). Rm fyHKyjra W^-iCx) H3 (24) 
neTpyuHo onpejiejiHTi HBHoe BHpaaeHiie : 


W„(x) = f(ert(^) + e2 f(il^|, ( 25 ) 


ez/(x) = ;4 U'“Vu _ 


$ 3 THKnjIH OUDldOK. 


OTMeTHM HeKOTopne csoficTBa $yHKmrii W a (x), KoiopHe ycTa- 
HaBjutBaioTCH no nnayximi U3 cbohctb W v (x) h W^-x( x ) c homouibh) 
cooTHomeHHH (24). 

1 . $yHKnnH W„( x ) neTHHe . 

2. W„ (x ) mohotohho yduBasr npn x > 0 h HMeioT MaKcrnwyM b 
TOHKe x =0. 

3. IIpH aC^. =0 ( K=0,I, . . . ,A/-I) , hto cooTBecTByeT adcojroTHo 
TOHHUM TpaeKTOpHHM H3M0p6HHHM, (jjyHKUJDI W n (CC) nOCTOHHHH 
H paBHH 

W a (X)=Tt ezf (^5). (n =0,1,..., A/ -I). (26) 

K«=n 

4. Ecjih napaMeTpn d>Z ( K =0,1, V-I) djm3Kii k Hyjiro, to 

HopMajiBHan iuiothoctb pacrrpeaejieHHH BepoaTHOCTefi, Bxo^HiaaH 
b nojiHHTerpajiBHoe Bapaxeime (24), tonsKa k aejn>Ta-$yHKHHH 
Jtopaj-oa. B 3 tom cjiynae am BepoHTHOCTe2 W„(x) crrpaBejyraBa 
acuMETOTinecKaH $opMyjia 

i ti / l - TT otfx \ 

W„(x)«ll > (27) 

K=n ' tn=0,I V-I). 

CooTHomeHHe (26) ^aeT xopomee npndjmseHHe jyw $yHKnjifi W a 
npH dojiiurax B&nzHHHax at . IlapaMeTpH d£ yBOBJieTBopaBT HepaBGHCT— 
Baw 0 4 ot° < & _Xit h npa dcuibiDHx at Mam. JleBaa nacTB bthx He- 
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paueHCTB cJie^yeT H3 onpeaesemw d K . ycTaHOBHBimiecH 3HaMeHim n K * 
(18) npw £ =0 HMeffir npoaroft bus F* =( -f 2 -I) d , (K =0,1, , A4-I). 
,Ho<5aBJieHHe b npaBHe nacTH ypaBHeimii (17) mieHOB $ l p% yBeJiiraiBaeT 
P K * . Tarawi o 6 pa 30 M, mieeT MecTO HepaBeHCTBO 


r* > {i z -l)d, ( K =0,1 A/o-I), (28) 

M3 KOToporo M'cJiexyer cnpaBejymBocTB HepaBSHCTBa jyw o(£. 

IIpn socTaToaHO Maimx 3HaaeHHHX mosho Bocnoju>30BaTBCH a 
KBaflpaTHMHOH aimpOKCHMaiXMefl BepOBTHOCTeM W n (X) ' 

W n (X) X Ct n - S n X 2 - , 


rae 


(29) 


«a\ _ 

: B n+t i 

(g n+i )> 

k Drv-v 1/ 

(17=0, 

I A/ -I) 

Bn“ 

1 B on 

Bin II 

a„ = 

i. 

I B zn 

Ban l| ’ 


o. 

^Ofl 

= erf ( 

Wdj;)’ 

d n = 

--{fd° n e~T& 

B m 

= 4- 

- <$n&o n 

’ B.2fi 


Baft 

= <" 

( Bori ~ 

1 + 2d° 2 
2 

c/a). 


3aMeMaHne. JJjw cucTeMH Cojnme-3efMH nojiyaeHHHe b saHHOM. pa3,neJie 
cooTHomeHiui npHHHMaBT dojiee irpocTofi bus, TaK KaK BejnrraHH C n , oi a , 
dn b flaHHOM cjiynae ofljmaKOBH jvm Bcex n. =0,1, . . . , a/ : d a =-q k^/A. 
d n =oi, d>n= <o • npH btom HHTepBaji BpeweHH At Messy nepeKJnoBe- 
hhhmh ynpaBJieHMH MoaeT <5htb iipohsbojibhhm. CooTHomeHHe (20) jyw 
CHCTeMH CcuiHi{e-3eNuw b ycTaHOBHBUieMCH peaHMe onpesejineT CTaimo- 
HapftHft rayccoBH® MapKOBCKirii npoijecc.. 


5. iMCJieHHHe pe3yjitTaTH juih ojHOMepHoro BamaHTa 3agaMn, B HacT.o- 
ameM pasfleJie npHBeseHH MHCJieHHHe pe3yjibTaTU hjw osHOMepHoro Bapn- 
aHTa 3asaaH, nc>3BOJUBOiUHe opeuHTB BepoHTHoeTB P v yaepaainiH KA b 
oKpecTHOcTH KOJWKHeapHoiS tomkh jradpamm b Teaemie 3asaHHOrO Bpe- 
MeHH T. BepoHTHoeTB P* , KaK oTMeaajiocB BHiiie , jyia ycTaHOBHBiiierpca 
npopecca 3aBncnT ot raecTH napai.ieTpoB ( No mm at , T •£>&><£*» 

% ) , r«e = •fJ’ . ycTaHOBHBmeec n 3HaaeHHe sncnepcim HaaajrbHoro 
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noHCKeraiH KA P* OflH03Harao onpejisjiHeTCH napaMeTpawH at , g , <o A , 
% . Ecjm obhhm H3 npHTHTHBaEiijiix ijeHTpos HKttHeTCH Coxnme, to na- 
paMeip % oToyrcTByeT, a Bejumna r* onpe^ejiaeTc h H3 cooTHome- 
HHH (16 ). 

Ha pno. I-I4 Ha iuiockocth napaweTpoB 3aaaHH 6 A , ,? npHBe.se- 
hh jmmm paBHHX 3HaHemrii BepoHTHocTH P v jyw Kojunraeapmcc Toaeit 
OTCSpaipm Lx cucTeMH Carame-3eKuiH h L s cHCTewH 3etAiw-iyHa, rxe 
(j 4 h ^ - cpe^HeKBajtpaTHHecKzs oTKjioHemiH jyw cuiyMaimux ouhk5ok 
TpaeKTopHHX H3t.iepeHHfl b ajwHTHBHiK HcnojiHHTejiBHHx oamdoK. HanoM- 
HHM, HTO BeJIHHHHH <J A H /S' <5e3pa3MepHHe. IIpiI 3T0M K3MepjxeMaH Be— 
®riHHa V a cBH3ana c $a30BHM BeKTopoM y (t )=( x , y ,±,y ) coot- 
HooieHneM 

Vr^T^fi-KU, 

rae qj - nepma CTpona waTpmiH Q (cm. f ij ) , a ajutHTUBHyio 
oumrfKy ncnoJffieHHH g n mosho npeflCTaBHTB KaK ^ n =20-, rae Sd> - 
om6w. peajffl3aipra Tpedyewott BejiHHHHH iuioqaHH 5 comcHHoro napy- 
ca, a a5=/5 ma% “ /5m/n “ JlOnyCTHMH^ ,U H ana30H H3MCHeHHH paCHGTHOfi 
iwoma^H cojBieHHoro napyca KA. 

KaswaH h3cwhhhh Ha phc. I orpaHHHHBaeT o&JiacTB 3HaHeHHfi na- 
paweTpoB do. h a , oPecneHHBaKimoc yuepsamie KA b okpgcthocth 
£ a.HHOH TOHKH JIH(5pamai B TeHeHHe BPGMGHH T C BepOHTHOCTBSD, He 
MeHBiue0 P v . Bee xpafiBKK , KpoMe npeflCTaBJieHHux Ha pjic.6, nocxpoeiiu 
jym HHTepBaJia BpeMeHH T, pasHoro j.ByM roaaM. 

PacneTH npoBo^mmcB nan xjw HeorparazraeHHoro o^noMepHoro Ba- 
pHEHTa 3 aaa'iB , TaK n jyxa o,nHOMepHoro BapuaHTa 3anaHH c orpaHme- 
HHew Ha ynpaBJieHHe |u n | sp I (n =0,1,..., A/ -I). B HeorpamiHeHHOM 
a/tyaae BepoarHocTB P v BHHHCjixuiacB c noMano>n cooTHotneHHH (23) , a 
ycjioBHaa BepoarHocTB W 0 ( X ) naxoiouiacB nocae M -KpaTHoro bhhhc- 
jienHfi KBajipaTypti cpop.MyjiH (24). B orpaHiraeHHOM oanoMepnoM BapnaHie 
ga^ara xyia naizyneHHH BepoHTHocTH P* HcncwiB30Bajica ueToji MoHfe- 
Kapao. 

CKCTeMa Gojimie-3e>MH. ToHKa Li , Ha puc. 1-5 npHBe^eHH h30jihhkh 
B epoHTHocTH P v , cooTEeTCTByBG®e SHaHeHHHM 0.999, 0.95, 0.9, 0.85 
H 0.8, jyiii HeorpaHiweHHoro BapnaHTa 3axami . 3HaHeHHH BeponraocTH 
P v yKa3aHH Ha pnc. I. Ha ocTasBHHX pacyHKax H30jihhhh pacnojioseHH 
B tom xe nopaiyce. rpa$HKH nocTpoeHH jym HHTepBajioB BpeMeHH at , 
paBHHX 10, 20, 30, 40 h 60 cyTKaM. OPaacTH napaMeTpoB 6c, S 
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orpaHH'ieHHBe npaBe.neHHHMH Ha pacyHKax h3cjihhiihmh BeponTHocTH P v , 
cymacTBeHHo yiieHMiaioTCfl c yBejoneHaeM HHTepaajia At . Ha pac. 6 
npHBeaeHU H30JIHHHH BepOHTHOCTli P v =0.9 Iipil pa3JDraHUX .HJIHTeJIBHO- 
cthx KHTepsajia BpeweHa T yaepaamiH KA b OKpecTHOcra tohkh jmdpa- 
uaa (2, 4, 6 a 8 JieT). Kan cjiejyeT H3 3Toro pacymca, odJiacTB 3Ha- 
HeHHii napaweTpoB da. , s , yaoBJieTBopamiwx ycJioBEBD P v > 0.9, yMe- 
HBiuaeTCH c yBeJiHHeHHeM T oTHOcarejiBHo MejyieHHO. 

ilHajionwHue h30jihhhh am orpaHmeHHoro ojHOMepHoro BapaaHTa 
3a£aaa irpuBe^effij Ha pac. 7 h 8 ( HHTepBaji At paBeH 30 a 60 cyrccaM, 
COOTBeTCTBeHHO) . CmiOIIIHHMH JIHHHHMH IIOCTpOeHH rpaijHKH P u =0.9 flJIH 
SHaneHHf. cpe,n,HeitBaji;paTHHecKoro OTKJiOHeHHH MyjrbTmuiHKaTHBHux ,ac- 
ncwnfflTejiiHHX oiuePok g =0, 0.1, 0.15 (pac. 7) a g=0, 0.03, 0.05 
(pac. 8). IlyHKTHpHoii jraHHeH Ha phc. 7 H3o0paaeHa aHajiorimaH H30- 
jniHHfl BepoBTHocTH P v =0.9 am HeorpaHHHeHHoro BapuaHTa 3a^aHH. 

Hpn at =60 cyr. ashheui h30jihhhh irpaKTHHecKH coBnaaaeT c n3aramHeti 
orpaHHHeHHoro o^HOMepHoro BapaaHTa 3aflaaa npa g =0. KpecTmtaMH Ha 
Phc. 7 h 8 oTMeneHH tohkh h3ooihhh 2 P v =0.9 HeorpaHaaeHHoro Bapa- 
aHTa 33HaHM, nojiyneHHHe c HCncuii>30BaHHeM npadJfflKeHHoii $opwyjm 
(29) flJIH BHHHCJieHHH BepOHTHOCTH Wo ( X ) . 

CncTeMa 3etMH-JyHa. TOHKa Lz . AHanonraHne h3ojihhhh Rim 3aj;aaH 
yaepsaHHH KA BdjiH3H KojumHeapHoa tohkh jmdpanaa L z CHCTeMH 3eM- 
jiH-JIyHa irpHBe^eHH Ha pnc. 9-14. Pjw HeorpaHaaeHHoro BapaaHTa 3a- 
flaaa rpa$HKH nocTpoeHH aim Tex xe 3HaaeKa2 P* (0.999, 0.95, 0.9, 
0.85, 0.8), jym HHTepBajioB nepeKjnoaeHHH ynpaBJieHHH at, paBHHX 
npHMepHO 2.1, 3.7 h 4.9 cyr. (pac. 9-II). HanoMHHM, hto am yc- 
TaHOBHBaierocH rrpouecca HHTepBaji Bpewena at = TJ/^a/o , rae N a Moxei 
npaHHMaTB npoiisBOjiBHue ue.'me nojiojsaTeJiBHHe 3HaneHHH. KHTepBanaia 
BpeMeHa at, paBHHM 2.1, 3.7 a 4.9 cyT., cooTBeTCTByioT 3HaneHHH 
napaMQTpa A/ 0 =7, 4 a 3. 

M30JtHHHH P v =0.9 b orpaHHHeHHOM BapaaHTe 3a£aHH noayqeHH 
am SHaneHM-H cpefliieKBappaTanecKoro OTKJiOHeHHH g m^jh> THmmKaTHB— 
hhx acnojXHHTejiBHHx oinadOK 0, 0.1, 0.2 ( at =2.1 cyr., pac. 12), 

0, 0.05, 0.1 (at =3.7 cyT., pac. 13) a 0, 0.03, 0.05 (at =4.9 cyr., 
pac. 14). DymmipHofl jumaeS H30dpaseHa h30jihhhh P* =0.9 HeorpaHa- 
neHHoro oflHOtaepHoro BapaaHTa 3anana, a KpecTHKaMH - nocipoeHHan 
c Hcnojn>30BaHaeM npadjmxeHHo2 $opMyjm (29). Ha pac. 13 a 14 nyHK- 
TapHHe JIHHHH OTCyTCTByiOT , TaK K3K OHH npaKTHH6CKH COBIiajiaHJT c 
H30JIHHHHMH orpaHHHeHHoro OflHQMepHoro BapaaHTa 3a^aHa npa g =0. 
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6 . HcnOJ£ 30 BaHae OflHOMePHHX BaPHaHTOB JUIfl OUeHOK B HCXOflHOH ieTH- 
pexMepHoii 3 ana^e. B npejpttyinux pa 3 nejiax #ocTaTOHHO noapoOHo dux 
HccJieaoBaH cynecTBeHHo doxee npocToii BapnaHT 3 ax,aiM , MOflarapyramm 
npouecc, Kor^a TpaeKTopaue H 3 MepemiH HMeiOT bh# ( 15 ). Ecjih He uai- 
pHpa Hn. ( 9 ) ™eeT npoH 3 Bcun>HH 2 am, to cjiejyeT paccwaTpiiBaTB ne- 
THpexf.iepHaii BapnaHT aaxanii. 0 ,nHaKO npn HeKOTopux orpamneHirax Ha 
napaivieTpa 3 ajraHn mohho noxodpaTB TaKoe apJeKTKBKoe 3 HaaeHne ^no- 
ne pc mi ouradoK TpaeKTopHnx H 3 MepeHnft oaHOMepHoro BapnaHTa sana^n, 
HTO H 30 JTHHHH BepOHTHOCTH P w , COOTBeTCTBJTQLUHS 3 T 0 My BapHaHTy 3 a- 
p&w, dyxe t HecynecTBeHHo oTxmaTBCH ot aHajiorwHHHx H 30 jmHiiii hc- 
xooHoii 3 ajiaHH. 

Tanaa CHTyamsa, b nacTHOCTH, HMeeT M 8 CT 0 npa xocTaTOHHO 
doxMmx HHTepBajiax BpeweHK at Meswy nepeKjroaeHiMMH ynpaBxemw. 
fleiicTEHTeJiBHo, b 3 Tom cxy-iae nepBttft xiiaroHaJiBHiw 3 JieueHT MaT- 
pmxu nepexo^a cymecTBeHHo npeBocxo^HT ocTajume sjiemHTti. To 
se caMoe cnpaBeflXHBO , Boodme roBopn, h jyiii nepBoii KOMnoHeHTii BeK- 
Topa p (a ). OTCiaaa mohho npejuiojiomTB, hto h MaTpima R n (II) 
irpn jxocTaToaHo doxMiOM n dyxeT Taioie hmotb nepBHii ojismcht , cy- 
iqecTBeHHo npeBocxojwmHii ocTaxiHue ojismchth. 

IlycTB flaHHoe nperniOJiOHeHHe cnpaBejpiHBO h MaTpima KOBapnaiwli 
Rn HMeeT BHH 

R n = r n E ± + Q n (e), (30) 

me y MaTpinm E L nepaaii miaronaxiHUH ajieweHT paBeH e,mnume , . a oc- 
TajiBHue Kyjno; MaTpima Q n ( £ ) coflepsarr ajieMeKTu nopmma 6 , me 
£ cymecTBemto weHBuie i* = 6 2AAtrL . floxcTaBJWH (30) b cooTHomeHHH 
(II), mohho noKa 3 aTB, hto nepsan CTpoKa MaTpram M a c tohhoctbb 
xo BaramKH nopmma £ onpenexaeTCH cjiesySffl 5 ®i BHpaaeHiieM 

M A = r a K;(r n H„ + D„)', 1 (3D 

me H n = h n K T n > h n - nepBbiii CTOJideu. MaTpmjH H n • OcTarobHHe axe- 
MeHTH MaTpmtH M n HMe»T nopmOK BejiHHHHH £ . HeTpyuHo npoBepuTB , 
HTO (31) MOHHO npeflCTaBHTB B Blffie 

M* = cl n m n h T n D;\ (32) 

r * e _ r„ 

m n - 


r n + d n 


7 
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1 

^ = h: ‘ (33) 

Mcnojr&3ya npHBeaeHHae paccy^nemiH, mojkho noica3aTB, aTo MaTpifflH C, 
h R, 1+i Tame hmbbt bhs, (30). npa 3 tom BeJiHHHHu V n bhhhcjihiqtch 
no $opMyjie (14) ojjHOMepHoro BapnaHTa 3anaan, b KOTopoii b KaaecTBe 
AiicnepcHH onnidOK TpaeKTopHux n3MepeHnfi d n depeica Bejnraffla (33). 

B aeTHpexr.tepHOM BapnaHTe 3a£aan ypaBHeHtta jyia nepBHX icomiio- 
HeHT BeKTOpOB V ( fl ) H V ( 11 ) COBnajjaiOT C COOTBeTCTByamUMH COOT- 
HouieHKHM onHOMepHoro BapnaHTa saaaan. noKaKew, hto h nepBoe co- 
OTHOIlieHHe GHCTGMH (10) MOJKHO npi-ldHIESeHHO 3af/ieHHTB COOTBeTCTByBIUHM 
cooTHomeHHew oanoMepnoro BapnaHTa 3anaati. jieKCTBMT&jiBHO , HcnoaL- 
3ya (10), (3I)-(33), nepByx) KOMnoaeHry BeKTopa Q(n ) mojkho npen- 
CTaBETB B BEHe 

V n = V„ + + >n^ (34) 

rue d n h r n T> r " l 1 A(/T-) , a - cnyaafinaa Bejnrama, jnme&io 

saBiicaman ot BTOpoii, TpeTteii z aeTBepToii KownoHeHT BeKTopa 
3 tot BeKTop HMeeT HopMajiBHoe anocTepHopnoe pacnpeaeaeime BepoaT- 
HOCTeH C HyJIQBUM Cpej(HHM H KOBapHaiJJTOHHOH MaTptmefi R n . Tan KaK 
no npennojiazteHim MaTpapa R n wee? b m ( 30 ), to cooTHomemie ( 34 ) 
k aHajioriraHoe cooTHOuieHHe (14) oanoMepHoro BapnaHTa 3aaaati otjih— 
aasjTca Ha cnyaaitHyB Bejnraffiy )? n , HMeioiuyio Hopinajn,Hy» anocTepnop- 
Hyra iuiothoctl pacnpeaeneHiia BepoaraocTeii c HyaeBHM cpemuai a wc- 
nepcnefl nopanjca 6 . 

IIpoBeaeHHHe BHHncaemia noflTBepjpuiH Haunt npeanoaojKeHtta otho- 
chtojibho MaTpnubi KOBapnanjifi R a . Tan npn tmTepBauax BpeiweHH a t , 
paBHHx 60 cyTKaM jyw ToaKit jindpaunn Li cncTesai Coanue-oewuia it 
4.9 cyTKavi am tohkh andpaimn L a chctcmh 3ewJia-JIyHa, nepBafi ana- 
roHajtBHutt aaeMeHT MaTpinm R n npeBocxoaaT ocra/iMue aaeweHTH do- 
aee aeM b 20-50 pa3. Ha pnc. 15 a 16 ana munocTpaiWH npjtBe#eHH 
H3oanHHH BepoaTHocTH ? N =0.9 h P v =0.95, BHaHCJieHHue jtaa aeTiipex- 
MepHoro (ctuiouiHHe jihhhh) h orpaHnaeKHoro ojntOMepHoro (nymTupHue 
jihhhh) BapitaHTOB 3ajtaan yuepaaHHa KA b oKpecTHocTH Toana andpaipm 
L t cncTeMbi CojiHite-Se.vjiH (pnc. 15, at =60 cyr.) a tohkh jmdpamm 
L 2 CHCTeMH 3eMiia-JIyHa (pnc. 16, at =4.9 cyr.). B aerapexMepHOM 
BapiiaHTe 3aaaaa npennoaaraaitcB H3MepeHna KOMnoHeHTu x $a30Boro 
BeKTopa i (cm. (2)), aTO npaKTuaecKH cooTBeTCTBysT H3MepeHnaM 



22 


pasiiajiBHoft CKopocTH KA OTHoenTeJiBHO 3er.um. JJiicnepciiH i\yjn»TmuiHKa- 
THBHHX OUUidOK HCtlOJIHeHilH g B OPOUX BapiiaHTax 3asaMK 6WlSi npiIHHTa 
paBHoii Hyjno. SHa'ieraie sHcnepemi d oihhcSok TpaeKTopKux H3MepeHEii b 
cjiy^ae osHOMepHoro BapiiaHTa 3asaHH bhhkcjihjiocb no fpopt/iyjie (33). 

KaK BHflHO H3 3TKX pHCyHKOB, H3CJIKHIIH BepOSTHOCTH P v SflX OPO- 
hx BapnaHTOB 3asann OTjnreaKTCH HecyuiecTBeHHO. C yMeHtmemieM hh- 
Tepsajia BpeMenii a t 3 to pa3junnie B03pacTaeT, xoth npii a t =30 cyr, 
(pnc. 17) juih totoh jmPpamci Li cucTer/m Cojnme-3eMna ,ii 
a t =3.7 cyT. (pnc. 18) ssh toxkx jw6pamm L& cucvem 3ewow-]iyHa 
3to pa3Jiinuie eme HeBejnnco. 

Tamat odpa3ou, npn socxaTonHO Pojiehhx HHTepBajiax Bpewerot 
opHeHTnpoBoaHue opemcii HeoPxosHMtix pa3MepoB cojmeaHoro napyca KA 
B cjiyaae aeTupexj.iepHoro BapiiaHTa 3asaMH MoryT Putl npnPJiiraeHHO 
nojiyaeHu H3 pe3yji£TaTOB osHOMepnoro BapiiaHTa. Taioie opeHKn aoh 
pa3jiOTHHX cocTasoB TpaeKTopHiix H3MepeHii ii dysyT npuBesenn b cxe- 
nyiomeM pa3sese . 


7. 0 pasr.iepax "cojoieHHoro napyca" KA. B stom pa3sese ssh nexoTO- 
pux BapnaHTOB TpaeKTopKux ;i3Mepe.Him npuBessHH HHCJieHHue oughkh 
pa3f.iepoB "comeHiioro napyca" KA (Ba/maHHu a£ = /Smax- $mm , rse 
£ma> ’ Smin ~ MaKCMMaHBHafl X MIlHKMaJIBHafl sonycTHMan ruiomajlb "co- 
jmeaiioro napyca"), npn xoTopux bo3mokho ysepixaTB KA b OKpecTHOCTH 
AOJL/niHeapHog tomkh Jiappaipci b TeneHne sByx JieT c sanaHHon BepoaT— 
HocTBio. JPih ncwiy^ienjia a£ b nepeow npHdjmaeHHii ncnojEb3yeTcn oiih- 
caHHaa b irpesttnypeM passese 3BpncTnaecKaH npopesypa, no3BOJii5omaa 
ycTaHOBXTB cooTBeTCTBKe Messy hcxoshoh aeTHpexMepHoii 3asaHeM n ee 
OflHOMepHUM sapnaHTOM. Bo mhot-hx cayaanx, nan cjienyeT 113 paccwoT- 
peHiiux sasee npraaepoB, Bejnrama a 5 , nojiyaeHHaH na ocnose peuieHHH 
osHOMepnoro BapiiaHTa aasa’-ni, OKasHBaeTcn Pjm3Ka k ee 3HaaeHino, 
BHMHCJieHHOi.'y jym HeTHpexiviepHoro BapiiaHTa 3asaMH. 

B nacTOHEjew passese Pyny? paccmTpmaTbcx ii3Mepexm jum> o^- 
Horo napaj.ieTpa (£ =1, (9)). 3 3 tom cjiy^ae cooTHomeHHe (33), ycTa- 
HaBJiKBaBicee cbh3e Meaay AncnepcstHi.ci D = d, n d = d* ohiiOok Tpa- 
eKTopHHx n3«epeHHM ncxoniioii sauann k ee onHOMepnoro BapiiaHTa, 
npnHmiaeT Poxee npocxon bus 

‘ ^ 7 


(35) 
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r,ne h. - nepBHii ajieMeHT MaTpimn— ctpokh H (9). 

PaccMOTpHM He Tape BapnaHTa hcxojthok 3aaaHH, pa3JiHHamnHecH, 

B HaCTHOCTH, COCTaBOM TpaeKT OpHHX H3MepeHHH. / 

1. B nepBOM BapnaHTe npe^nojiaraioTCH n3MepeHHH HaiuioHHoii flajr&Hoc- 
th ot 3ewurn ^0 KA. He3aBHCHM0 ot tohkh jradpaom h chctbmh npHTa- 
ruBaiou^ix xeji bth H 3t.iepeHHs npaKTHnecKH sKBUBajieHTHu H3MepeHHHM 
KOMHOHeHTH X $a3OB0rO BeKTOpa f , CBH3aHHOrO C BeKTOpOM COCTOH- 
hhh V cooTHomeHneM (2). BejBNiiHa h. b 3 Tom cjiynae onpe^ejmeTca 
$opMyjio8 

k=U*k 0 , (36) 

rae h 0 =l/( co 2 + ) . 

2. Bo btopom BapsaHTe pacci/iaxpHBaiOTCH H3MepeHHH paanauBHovi cko- 
pocTH i<A oxHOCHieJEbHO Ha3eMHoro nyHKxa, hto npaKTHnecKH OKBHBa- 
JieHTHO H3MepeHHHM KOMTtOHeHXH X $a30B0r0 BeKXOpa f . B 3XOM CJiy- 

qae _A__ . 

X s- (37) 


3. B TpexBeM BapnaHTe paccMaxpuBaexcH 3aflana yuepKaHHH KA b ok- 
pecxHocxH tohkh jiadpamm Li cHcxeMH Cojnme-3ei«is. Ilpa btom aHa- 
jni3HpyexcH bo 3 Moxhoctb HcnojiB30BaHHH aBTOHOMHux H3MepeHnii yrjia 
Mexpy HanpaBJieHafB/m c KA Ha SewuiK) h JlyHy. Jim ynpoiueHna 3ajiaHH 
npe^nojiaraexcH, hto flamme H3MepsHHH ocymecTBjmioTCH jeh m b MOMea- 
th BpsMeHH, Korjja JiyaH 3ewHH-JIyHa h 3 eiJum-Ccumn,e opxoroHajn.HU. 
BejiHHHHa h 0 b jiHHefinoM npHc5JiHKeHHH onpeBejmexcH cjrejorcomeii $opMyjioii 

JL$ ( a _ l R i 


h 0 = 


(Rj t-R^X^+X 2 ) 


Kl, 


(3B) 


rjie R,_ h Ra - paccxoaHna ot 3eiAra ao tohkh jradpamni Li jjio 
JlyHH, COOTBeXCTBeHHO . 

4. B aeTBepTOM BapnaHTe paccMaTpHBaeTcn 3anana am tohkh Jindpa- 
UHH L;> CHCTeMH 3eiWIfl-JIyHa C aBTOHOMHHMH H3MepeHHHMH yTJia MajK- 
ay HanpaBJieHHHMH Ha Cojnme h JlyHy, ocymecTBjiHeMHMH b npoH3BQji&HHe 
MOMeHxe speMeHH. B JnmeHHOM npHdJinseHZH B6 jbthhh 3 ho onpeflejiHeTCH 
cjiex[p)ine0 JopMyJiOH 

kj. 

° ~ tu^+X*) RL ' (39) 


rj;e Ri - paccTOHHHe ot peaTpa JlyHH ,50 tohkh jmdpamoi L2. . 
BejuiHZHa u* (cm. [ij ) nponopunoHajiBKa Bapnaipm ruiomanH 
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cojmeHHoro napyca (mm iuiomaan nonepeHHoro ceneHiiH oiepifHecKoii 
odonoHXH) KA, opToroHajn>Horo CBeTOBOMy noTOKy 

U*=k 0 A^, (40) 


rue ko=0.5 c^p/m, C x - K03$$imKeHT , xapaKTepH3yramm B3anMoaeiicT- 
BHe cpoTOKOB c noBepxHocTBio "cojiHe^Horo napyca"; p - muiyJiBC cBe- 
TOBoro noToica, npoxojynuero 3a ejpmimy BpeMemi nepe3 eflHHHHHy® 
rwomamcy, opToroHanBHym cojmeHHKM jiynaM; m - Macca KA. Hnxe dy- 
nyr npnmiTH CJiejjyiauHe HucuioBue 3HaneHHH Bejnroni C x , P a m : 

C x =i, hto cooTBeTCTByeT cjiynaio Heynpyroro ynapa ; p =4 . 4 • ; 

m =500 k 2 . 

M3 cooTHomeHEfi (35), (40) Haxo/yc.i npndjmseHHoe 3HaHemie 
j 6k 
ko I h D | 6a ’ 


a£ = 


(41) 


rae Bejnrama h 0 BHHHcaHeTCH no $op?,«yjiaM ( 36 ) -( 39 ). IIojichhm, KaK 
ncnojiisoBaTB sto cooTHouieHJie . nycTB 3aaami xapaKTepncTHKH oiundoK 
yrrpaBJieHHH gas, HHTepBan BpeMemi Meawy H3MepeHHHMH at , cTaH- 
napmoe oTKJioHemie 6k oumdOK TpaeKropma ust.iepemtii a Tpedyewan 
BepoHTHoeTB yaepsamiH KA b Tenemie BpeMemi T b okpocthocth 
K ojwHHeapHOM tohkh JtHdpamoi L; , npejoiaiosHM, hto am ^aHHoro T 
npose^enH BiWHCJiemia o^HOMepnoro BapiiaHTa 3aaann a nocTpoeHu rpa- 
(pHKH Tana npeacTaBJieHHHX Ha pac. 7, 8, 12-14. C homoiubh) sthx rpa- 
$HKOB npu H3BeCTHHX g , S MOKHO OnpefleJIUTb 6a. , jyiH KOTOporO Be- 
Pohthoctb Pv paBHa saaaHHoii. Ilocjie 3Toro H3 (41) noJiynaeM onemcy 
jym TpedyeMoK Bapiiaujai ruiomaaH "ccuiHeHHoro napyca" KA. 

KoHTpojiBHoe penieHne HeTHpexwepHofl 3aaaHii mbto^om MoHTe-Kapjio 
npu 3ajnaHHHX <&,,$, s , at , T a no3BOJweT nouyHHTB . yTOH— 
HeHHoe 3 HaHemie ’BepoHTHocTH , KOTopoe, Boodme roBopa , He dyaeT 
coBnanaTB c TpedyeMHM. SaaaHHoe 3HaHeHne Pv aocraraeTCH noadopoM 
yTOHHeHHoro 3HanemiH ajd 9 njiomajyi napyca. 

3 ai 4 eTHM, hto b KanecTBe Hcxoamix naHHHX HeodxoflHMO aaflaTB H 
MaTpuuy R 0 . npii stom b caynae oaHOMepHoro BapiiaHTa 3 aaann (14) 
npu pacneie 3 aBHCHM 0 CTeii P w ( , g ,5 ) b KanecTBe HanauBHofl 
micnepcEH ncnojrb 3 yeTCH nepBHii nnaroHajiBHHM aneMeHT MaTpraga R 0 . 
3Ta i.iaTpmia ncuisHa onpeneJWTBCH He3aBHcm40 H3 aHanH3a tohhocthhx 
xapaKTepHCTHK CHCTeMH BHBeneHHH KA Ha onopHyro opdaTy. B np&Mepax , 
onncaHHHX muse, paccf/iaTpnsaeTCH ^sa cjiyHaa: undo b HanajiBHaS mo- 
MeHT V°= V/=Vj= V ,°=0 a R o =0 (btot cJiynafi odoanaHaeTCH Ro=S( 0 ) 
h cooTBeTCTByeT TOHHOwy BHBeneHiED KA Ha onopHyio TpaeKTopmo) , jmdo 



Ha’satt&Hoe pacnpeaejieHHe coBnanaeT c ycTaHOBHBinHMca. B nocjie^HeM 
cjqnae npn pacneTe HeTHpexMepHoro BapaaHTa 3a£ann jym Kaxworo a£ 
npe®BapHTejn>Ho oneHHBaeTcn ycTaHOBHBmeecH 3HaHemie R* MaTpmm R 0 , 
KOTopoe onpejiejiHeTc.q nyreM BiWHCJieHiM R v ffim nocTaTonHo <5ojn>imx 
3HaqeHidi N c noMonn>K) peKyppeHTHoro ypasHeHHH (II) npH^=0 h s=0. 

HopanoK Bejnnunm a $ mokho onpenejmTB no npndJimeHHoa $opj/iy- 
Jie (41). KM HaTJlHnHOCTK 3aBHCHM0CTH A 5 OT 6i, H <J A jyiH HeKOTO- 
puz BapnaHTOB samara npeacTasjieHH b Tatixmi&x 1-6. 3th BapzaHTU 
pa3JLnqa»TCfl TonKat.m jmcSpanmt h no uraaM TpaeKTopHax H3MepeHnfl: 


ToHKa jmcSpaiXHH 

BapnaHT 3aaaEH 

M3MepeHHH 

A Tadramu 

Li CHCTeMhl 

I 

flaJEBHOCTH 

I 

Cojmne-3erajm 

2 

paE.CKOpOCTH 

2 


3 

ywioMepHne 

3 

U-2. CHCTeMU 

I 

naJIBHOCTH 

4 

3etvUiH-JIyHa 

2 

paj;. cKopocTH 

5 


4 

yrxoMepHue 

6 


B KjieTKax 3 thx Tarfjnm npuBeneHu 3HaneHHH A^ b KBanpaTHHX MeTpax. 

yTOEHeHHHe 3HaneHHH e\£ y b paMKax ^eTHpexMepHoft 3ajiann Puteh 
BHHHCJieHK neTHpex BapnaHTOB. Pe3yjo>TaTU npeflCTaBJieHu b Ta&jm- 
n;e 7. Bo Bcex bthx BapnaHTax HHTepBaji BpsMeHH ynpaBxeHHH cocTaB- 
juwi 2 ro^a, a Tpedyewafi BeponTHocTB =0.9. Eojibiuhhctbo ocSo3Ha- 
aeHHii Tacumnu 7 yxe oiracaHo b TeKCTe. 0 c5bhchhm cmucji BejnraiH, 
yKa3ajiHHX b CTOJi(5nax II-I3. B KOHeqHoS TOEKe ynpaMemw ty =T b 
pe3yjtbTaTe BiracJieHHH HerapexMepHofi 3a^aan onpefl&meTCH Maxpima 
Rv . IlepBut flHaroHani>HH2 sjieMeHT btoA MaipHny paBen ancnepcHH 
dvj. nepsot KOMnoHeHTH BeKTopa coctohhhh V (a/ ). IIpH stom pa3Mepn 
npejpjejiBHoit odJiacTii ynpaBJiseMocTH (13) onpeaejiaBTca BejurauHaMH. c n , 
KOTOpae flJIH TOEKH JIHdpaHUH Li CHCT6MH Cajnme-3eM?M npn JTOdOM n 
paBHH 0.74, a jih cncTeMH 3eMaa-JIyHa npuHUMasT 3HaneHHH b kh- 
ana30He 0.24-0.79 b 3aBHCHM0CTH ot 4^ . 

C nOMOUCbiD MaipHOH Ra/ H3 (2) MOSHO BHEHCJIHTB MaTpHUy KOBa- 
pHaimft $a30BHX nepeMeHHHx x , y , x. , y b momght BpeMeHH . 
DycTB d>y,<5y, 6±> <&$ - aaaroHajiBHHe sjieMeHTu stoS KaTpmm. Han- 
<3ojiBtnaH H3 BejmEHH d> x , b TadJiHHe o(5o3HaMeHa Eepe3 6 r . AHa- 
jiorHHHo <£(, = mcw( d>± , dp ) . 3 th BejmiiHH xapaxTepKsywT nopanoK ot- 
kjiohbhhh KA ot Ha^ajiBHoii onopHoii op^HTu, Tax KaK k MOMeHTy t M npo- 
Hecc ycTaHaBJXHBaeTCH , to Bejoranm 6 Vi , Sr , d>r xapaKTepH3yDT h Ha- 

















2 b 

najiBHoe pacnpe^ejieHHe b onynae R 0 = R* . 

3aM8H3HHe ■ siTOdH nojryMHTB irpeacTaBJieHne o TpedyeMoK totoocth bh- 
BeaenHa KA, odecnemtBaiomeH OTKnoHeHKfi KA ot onopHoi! oppara b npe- 
aejiax Bjunmcoima, onpeaeJineMoro waTpHuefi R* , paccMOTpuM 3aBncB— 
moctb Vi ot KKHeMaTi-necKiix napaweTpoB aBHxeHHH x , y , £ , y : 

Vi — + ® 2 .y + O 3 x + Qi, y) , (42) 

KOTopaa cjieayeT hb cooTHomeHHH ( 2 ) h (. 40 ). KoBcpJiimHeHTU a ; = 
jyiH paccMaTpHBaeMHX 3 jiecB tobok jmdpanuK h 3Hanemui c* , p coot- 
BeTCTEeHHO paBHHI 


L; 

Qi 


a 3 

a. 

Tomca Li cncTeLm C.-3. 
Tonna La cucTeMu 3.— JI- 

1.77820 

0.67138 

-0.31899 

-0.14537 

-0.49371 

-0.22732 

0.26394 

0.12382 


B icaaecTBe xapaKTepacTKK nonycTJMoro OTKjioHemiH KoopamiaT b Hana- 
JCfeHtiH MOMeHT BPeMeHH MOKHO npHHHTB CJieayRJiJJie BeaHTOHH 


AX = 


6’v,Ag } 

mlQil ’ 


Ay= 


mia^l m|aj 


Ay= 


Sv, A /S' 
m |a^[ 


• (43) 


BbrancaeHKfl no $opr*iyjiaM (43) np« <j Vi a®! BapHanTOB I n 3 TadJmnu 7 
( R 0 = R * ) nocjie nepexoga k pa3MepHHM BejiannHaM gam opeHKii: 


sapiiaHT 

AX 

km 

gl 

A X 

r-yceK 


I 

1094 

6097 

0.785 

1.47 

3 

3.4 

15.9 

0.027 

0.05 


Ejw sapnaHTOB c MeHBEHM 3HaneHH6M TpedoBatniH k TonHocra BHBe— 
iteHiw dyayr eme Oojiee xecTKSE/in. 


Tadjmna I. 


[km] 
<3 a. 

I 

3 

c. 

yS 

8 

0.005 

19 

57 

95 

152 

U.0I 

9.5 

28 

47 

76 

0.02 

4.7 

14 

24 

38 

0.04 

2.4 

7 

12 

19 

0.06 

1.6 

4.7 

8 

13 

0.08 

1.2 

3.6 

6 

9 

0.15 

0.6 

1.9 

3.2 

5 


Ta<3jfflna_2. 


[cm 1 

I 

3 

5 

8 

0.005 

376 

1128 

1880 

3008 

0.01 

188 

564 

940 

1504 

0.02 

94 

282 

470 

752 

0.04 

47 

1 41 

235 

376 

0.06 

31 

94 

157 

251 

0.08 

23 

70 

117 

188 

0.15 

12 

38 

63 

100 
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Tactama 3. 



iiSSfl 

i 

3 

5 

8 

0.005 

30189 

90568 

150947 

24I5I5 

0.01 

15095 

45284 

75473 

120758 

0.02 

7547 

22642 

37737 

60379 

0.04 

3774 

II32I 

18868 

30189 

0.06 

2516 

7547 


20126 

0.08 

1887 

5660 


15095 

0.15 

1006 

3019 

5032 

8050 



Tarijnma 5 


[CM ) 

O a \lceicj 

I 

3 

5 

8 

0.005 

4555 

13666 

22777 

36443 

0.01 

2278 

6833 

II389 

18222 

0.015 

1518 

4555 

7592 

I2I48 

0.02 

1139 

3417 

5694 

9III 

0.025 

911 

2722 

4555 

7289 

0.03 

759 

2278 

37% 

6074 


Ta&rama 6 


6 a \JmhHj 

I 

3 

5 

8 


v 77882 

233646 

3894II 

623056 

0.01 

38941 

II6823 

194705 

3II528 

0.015 

25961 

77882 

129804 

207688 

0.02 

19470 

58412 

97353 

155760 

0.025 

15576 

46729 

77882 

124608 

0.03 

12980 

38941 

64902 

103840 
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Ta&raqa 7. 


McxottHue naHHae 

P63yjILTaTH 

Ji 

o 

Li 

ta s' 

(D 03 

If 

d>*t 

I 

s 

At 

[cyrj 

M 

Ro 

B 

a5* 

M 


6 r 

[km] 

SI 

B 

B 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

I 

u 

C-3 

p.c. 

q CAt 

O cex 

0.05 

0.015 

60 

565 

8(o) 

0.85 

630 

0.062 

2800 


Ro* 

0.8 

Ri!i!»l 

0.065 

2800 


a 

n*~it 

IS 

0 

0.07 

29.6 

7550 

KEB 

0.78 

R15TSTS1 

0.064 

25000 

15 


BK3 

E5!il3 

0.067 

HI 

15 

a 

3— JI 

p.c. 

Ifft 

0 

0.014 

4.9 

4560 

5(m 

0.7 


0.031 

100 

0.6 

ibi 


EliliBl 


100 


a 

B 

A. 

O.l KM 

0.05 

0.022 

as 

130 

im 

0.5 

gggTil 

0.015 

2.3 

rnira 

R? 

0.45 

300 

0.014 

2.3 



p.c. - pEWHaj&HaH CKopocTi; y. - yron; a. - AaraHocTB. 


Abtop (inarojt apin' M.JI.JlHaoBa 3a nocTaHOBKy 3aAaaz h hoctobh- 
Hym noyouo> npH BtmojiHeHHH stoI! patfoTH. 
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